In the Inland Northwest US, Douglas-fir artificial regeneration commonly includes growing 10 seedlings in media containing sphagnum peat. Concerns over the sustainability of peat and 11 rising plant production costs are initiating investigation of growing media alternatives. Biochar 12 is a potential media amendment that has positive physical and chemical properties for seedling 13 production, including high water and nutrient retention due to large surface area, which may 14 reduce leaching losses and improve fertilizer use efficiency. We used different amounts of is an important and highly valuable timber species in the region. Artificial regeneration of 36 Douglas-fir is used in place of natural regeneration to improve genetics and assure stocking 37 (Hermann and Lavender 1990).
of reports on temperate conifer seedlings grown in growing media amended with biochar to test 101 these potential impacts on plant growth and physiology.
102
In this study, we used biochar from a mixed conifer feedstock as an amendment to a peat-103 based media to grow Douglas-fir seedlings intended for forest regeneration. We used different 104 amounts of biochar that was either pre-treated with fertilizer or not and we applied different rates 105 of fertilizer in a forest nursery setting. Our objectives were to determine if biochar is a suitable 106 amendment to peat-based media and if seedling growth response to fertilizer differs with biochar 107 amendments. Based on previous research showing biochar's ability to retain nutrients, we 108 hypothesize that biochar amendment will increase growth at a given fertilizer level, especially 109 with pre-treated biochar. To account for seedling growth responses, we measured seedling 110 biomass and seedling photosynthetic rate.
111

MATERIALS AND METHODS
112
Media
113
The media consisted of biochar, either pre-treated with liquid fertilizer or left untreated, a harvests, the same seedlings that were measured for gas exchange were also destructively 185 sampled for biomass.
186
Growing Media Chemical Analysis
187
Growing media from four seedling cells of each treatment was collected after 39 weeks.
188
Roots and slow-release fertilizer prills were removed from the growing media before analysis. those from the lowest fertilizer rate, the main exception to this was in harvest 3 (BxFxH, Table   240 1) (Fig. 4b ). Biochar treatment also played a role in needle N concentration, dependent on 241 biochar rate and fertilizer rate (TxBxF, seedlings.
245
The 25% biochar rate seedlings had the highest foliar N uptake rates, based on increase in 246 N content. Nitrogen foliar uptake during active growth was 20-42% greater in the 25% biochar 247 seedlings compared to 0% and 50% biochar seedlings ( Supplementary Fig S3  5 ).
248
Media Analysis
249
Both media pH and extractable P responded to biochar and fertilizer treatments. There 250 was a significant negative correlation between pH and extractable P concentration (r 2 =0.71, 251 p<0.01) (Supplementary Fig S4  6 ). Media pH increased with biochar amendment and depended D r a f t 13 changed across biochar and fertilizer rates (BxF, 
Growth
263
The results of this study suggest that the biochar used is not an adequate substitute for (Ben Brahim et al. 1996) .
344
Fertilizer rate did affect PS rate in harvest 2, during the period of active growth (Fig. 3b) .
345
During active growth, the higher fertilizer rate was likely providing more nutrients to the (r 2 =0.12, p<0.01).
350
By harvest 3 there were no differences in PS rates among biochar or fertilizer treatments 351 and the rates were much lower than the other harvests (Figs. 3a, 
